We consider the conditions which must be satisfied for a massive righthanded (r.h.) sneutrino associated with the see-saw mechanism of Majorana neutrino masses to play the role of the curvaton. Planck-scale suppressed nonrenormalizable terms in the r.h.neutrino superpotential must be eliminated to a high order if the r.h.sneutrino curvaton is to dominate the energy density before it decays, which can be achieved via an R-symmetry which is broken to R-parity by the Giudice-Maseiro mechanism. In order to satisfy the thermalization constraint, one r.h.neutrino mass eigenstate must have small Yukawa couplings to the Higgs and lepton doublets, corresponding to a lightest neutrino mass m ν 1 < ∼ 10 −3 eV. A lepton asymmetry will be induced in the r.h.sneutrino condensate by the Affleck-Dine mechanism driven by SUSY breaking B-terms associated with the r.h.neutrino mass. Requiring that the lepton asymmetry resulting from decay of the r.h.sneutrino condensate, which will be converted to a baryon asymmetry by sphaleron processes, is acceptably small imposes an upper bound on the r.h.neutrino mass. We show that a scenario consistent with all constraints is obtained for a r.h.neutrino mass in the range 10 2 − 10 4 GeV when the r.h.sneutrino decay temperature is greater than 100 GeV and lightest neutrino mass m ν 1 ≈ 10 −3 GeV. Larger r.h.neutrino masses are possible for 1 smaller m ν 1 . The resulting scenario is generally consistent with a solution of the cosmic string problem of D-term inflation.
Introduction
The possibility that the density perturbations responsible for structure formation come from quantum fluctuations of a scalar field other than the inflaton has recently attracted considerable interest [1, 2, 3, 4] . The scalar field, known as the curvaton [3] , is effectively massless during inflation, but begins coherent oscillations after inflation and comes to dominate the energy density of the Universe before it decays. The initial isocurvature perturbations of the curvaton are then converted to adiabatic energy density perturbations. A number of curvaton candidates have been proposed and analyses of curvaton dynamics performed [4, 5, 6, 7, 8, 9, 10 ].
An important question is whether there is a natural curvaton candidate in the context of the minimal supersymmetric (SUSY) Standard Model (MSSM) and its extensions. SUSY is advantageous as it allows us to understand the flatness of the curvaton potential with respect to quantum corrections. A specific motivaton for a SUSY curvaton is provided by D-term hybrid inflation [11] . In D-term inflation the energy density during inflation must be lowered in order to evade the problem of cosmic microwave background (CMB) perturbations due to cosmic strings [12] . This in turn requires an alternative source of the cosmological energy density perturbations, such as a curvaton.
Some general conditions for a SUSY flat direction scalar to play the role of a curvaton were considered in [6] . Similar conditions for the specific case of right-handed (r.h.) sneutrinos were discussed in [7] . It was shown that small couplings of the curvaton to the MSSM fields are required in order to evade thermalization and to have a low enough decay temperature for the coherently oscillating curvaton condensate to dominate the energy density before it decays. Curvaton domination also requires the suppression to a high order of Planck-scale suppressed non-renormalizable terms (NRT) in the flat direction superpotential.
The case of a coherently oscillating MSSM flat direction condensate formed from a linear combinations of squark, slepton and Higgs fields was considered in [8] . It was shown that as a result of their interaction with the fields in the background radiation, the condensates are either thermalized or fail to dominate the energy density before they decay. MSSM flat direction scalars can therefore play the role of a curvaton only if one assumes that the inflaton can primarily decay to 'hidden radiation' consisting of hypothetical light hidden sector fields [8] . In the following we will consider the conventional case of inflaton decay to observable radiation.
An alternative curvaton candidate, in the context of the MSSM extended to accomodate neutrino masses, is a r.h.sneutrino. The curvaton condensate is most likely to survive in the thermal enviroment of the early Universe and to dominate the energy density before it decays if it is relatively weakly coupled to MSSM fields. This makes a r.h.sneutrino a promising candidate for a SUSY curvaton. This possibility was noted in [6] and discussed in [2, 13] , which also considered the possibility of leptogenesis via r.h.sneutrino decay and the associated isocurvature fluctuations. In [7] the conditions for a r.h.sneutrino to serve as a curvaton were considered in some detail.
The results of [7] showed that a Dirac r.h.sneutrino (a r.h.sneutrino associated This requires that Planck-scale suppressed superpotential NRT ∝ N n are suppressed for n < 6 [7] . The weak Yukawa coupling of the Dirac r.h.sneutrino ensures that there is no danger of condensate thermalization. However, the decay temperature of the r.h.sneutrino condensate was found to be around 10 MeV, which introduces two problems [7] . The decay of the condensate r.h.sneutrinos will produce a large number of lightest SUSY particles (LSPs), which will overclose the Universe unless they decay sufficiently rapidly. In order that their decay products do not destroy the light elements produced in nucleosynthesis, the r.h.sneutrinos must decay before nucleosynthesis occurs at T nuc ≈ 1 MeV. This requires new R-parity interactions in order to have sufficiently rapid LSP decay. (This also has the disadvantage of eliminating the possibility of LSP dark matter.) The second problem is that the baryon asymmetry must be produced during the decay or after the decay of the condensate r.h.sneutrinos, since any pre-existing baryon asymmetry will not be correlated with the entropy fluctuations produced by curvaton decay, resulting in unacceptably large baryon isocurvature fluctuations [5] . Therefore new baryon number violating interactions must be introduced in order that the r.h.sneutrino decay can directly produce the baryon asymmetry. Whilst no definitive analysis of these possibilities has yet been undertaken, the Dirac r.h.sneutrino curvaton appears to be disfavoured.
Majorana r.h.sneutrinos (r.h.sneutrinos associated with the see-saw mechanism for Majorana neutrino masses [14] , corresponding to r.h.neutrino masses M N = 0) can also dominate the energy density of the Universe before they decay. However, because of the larger Yukawa couplings in the see-saw mechanism for neutrino masses, the r.h.sneutrino condensate decays earlier, requiring a larger initial amplitude, N osc
and correspondingly greater suppression of the Planck-suppressed superpotential NRT (all superpotential terms ∝ N n with n < 11 [7] ). In addition, the Majorana r.h.sneutrino curvaton was shown to have a potential problem with condensate thermalization. Due to its larger Yukawa couplings, the interaction of the Majorana r.h.sneutrino curvaton condensate with the MSSM fields in the thermal background is much stronger than in the case of the Dirac r.h.sneutrino. As a result, the corresponding neutrino mass term has to be less than 10 −3 eV in order to avoid thermalization of the condensate [7] .
Thus if the masses of the neutrinos are characterized by the mass squared splittings suggested by solar and atmospheric neutrino oscillations, m ν ∼ 0.01 − 0. Planck-suppressed NRT is that the conventional R-symmetry of the MSSM (broken to R-parity by the µH u H d term) [17] , extended to include the r.h.neutrinos, will completely eliminate all r.h.neutrino superpotential terms except the mass term and Yukawa coupling terms responsible for neutrino masses, thus solving the problem of dangerous Planck-suppressed NRT. The R-symmetry must be broken to R-parity, but if this occurs via the Giudice-Masiero mechanism [18] , which generates only Rsymmetry breaking superpotential terms with total R-charge equal to zero, then no dangerous r.h.neutrino superpotential NRT will arise. Operators eliminated by a global symmetry such as R-symmetry might be generated by quantum gravity wormhole effects [19] . However, this is dependent upon the short-distance structure of gravity [20] .
In the following we will take the view that quantum gravity corrections are absent or highly suppressed.
We will show that a lepton asymmetry is induced in the r.h.sneutrino condensate via a variant of the AD mechanism driven by the SUSY breaking B-terms associated with the r.h.neutrino. (This mechanism has also recently been discussed in the more general context of AD leptogenesis via a r.h.sneutrino condensate in [21] .) Unlike the conventional AD mechanism associated with MSSM flat direction fields [22] , Lviolation from the B-terms remains unsuppressed throughout the evolution of the condensate, resulting in a rapidly oscillating lepton asymmetry. If the r.h.sneutrino decay occurs before the electroweak phase transition, as is likely to be necessary in order to generate the baryon asymmetry, then any lepton asymmetry will be processed into a baryon asymmetry of the same magnitude by sphaleron processing, which must be less than the observed baryon asymmetry of the Universe. The requirement that the lepton number to entropy ratio due to the decay of the r.h.sneutrino condensate satisfies n L /s < ∼ 10 −10 will be shown to impose a significant constraint on the Majorana r.h.sneutrino curvaton scenario. In particular, it will be shown that r.h.sneutrino leptogenesis via CP violating decays of the condensate r.h.sneutrinos [13] can account for the baryon asymmetry only if the lightest neutrino mass is less than about 10 −8 eV.
This favours electroweak baryogenesis [23] as the origin of the baryon asymmetry in the Majorana r.h.sneutrino curvaton scenario.
The paper is organized as follows. In Section 2 we discuss the conditions for a Majorana r.h.sneutrino to dominate the energy density and to account for the observed energy density perturbations. We also discuss the possibility that a Majorana r.h.sneutrino could account for the energy density perturbations in D-term inflation.
In Section 3 we discuss the constraints on the r.h.neutrino Yukawa couplings and neutrino masses coming from evasion of condensate thermalization. We also discuss the possibility that thermal effective masses could play a role in the evolution of the Majorana r.h.sneutrino condensate. In Section 4 we consider the AD lepton asymmetry induced in the Majorana r.h.sneutrino condensate by the B-term AD mechanism and the associated constraints on the model. In Section 5 we discuss the range of model parameters allowed by the constraints. In Section 6 we present our conclusions.
Curvaton Dominance and Density Perturbation Constraints
We consider the simplest inflation scenario, in which the expansion rate during inflation, H I , is constant and inflation is followed by a period of coherent inflaton oscillations. (We refer to this period as inflaton matter domination, IMD). Inflaton oscillations decay away completely at the reheating temperature, T R , corresponding to the temperature at which the Universe becomes radiation dominated.
We will consider throughout the case where the reheating temperature from inflaton decay satisfies the thermal gravitino constraint, T R < ∼ 10 8 GeV [24] . This is not necessary if the curvaton dominates the energy density for sufficiently long that it dilutes the thermal gravitinos due to inflaton reheating. However, we will generally be considering the limiting case where the curvaton just dominates the energy density before it decays, so we will impose the thermal gravitino constraint for consistency. In this case the expansion rate at the end of IMD will satisfy H(T R ) < ∼ 1 GeV, which is small compared with the value H osc ≈ m N > ∼ 100 GeV at which r.h.sneutrino coherent oscillations begin, where m N is the r.h.sneutrino mass. Here H(T R ) = k T T 2 R /M is the expansion rate at the onset of radiation domination at the end of IMD, where
is the number of degrees of freedom in thermal equilibrum at T [25] . (In the following we will consider g(T ) ≈ 200, corresponding to all MSSM fields in equilibrium, such that k T ≈ 4.7.) Thus we will consider the r.h.sneutrino oscillations to begin during IMD.
The superpotential of the mass eigenstate r.h.neutrinos, N i , is given by
where H u and L i are the MSSM Higgs and lepton doublets and i is a generation index.
This leads to Majorana neutrino masses via the see-saw mechanism [14] . (We will assume throughout that there is no large hierarchy of the r.h.neutrino mass eigenvalues,
In addition, we generally expect Planck-scale suppressed non-renormalizable superpotential terms involving the r.h.neutrino superfields of the form
In [7] it was shown that such terms must be suppressed for all n < 11 if the initial amplitude of the Majorana r.h.sneutrino curvaton is to be large enough for the coherently oscillating curvaton to dominate the energy density before it decays. Otherwise the contribution of Planck-suppressed terms to the effective mass squared of the r.h.sneutrino will be greater than H 2 , thus driving the r.h.sneutrino amplitude to small values. This suppression of the Planck-suppressed NRT requires an explaination in terms of a symmetry or other mechanism. One possibility is an R-symmetry.
The superpotential Eq. (1) is invariant under a simple extension of the R-symmetry of
c , e c ) = 1 and R(H u , H d ) = 0 [17] . By assigning R(N) = 1, all the terms in Eq. (1) are permitted by the R-symmetry whilst all superpotential terms in Eq. (2) with n = 2 are excluded. The µH u H d term, essential for satisfactory electroweak symmetry breaking [17] , breaks this R-symmetry to R-parity.
What R-symmetry breaking terms arise depends upon the mechanism of R-symmetry breaking. The Giudice-Masiero mechanism [18] initially eliminates the µ-term via an R-symmetry. The µ-term is then generated by R-symmetry breaking due to a nonminimal kinetic term in the Kähler potential of the form z † H u H d , coupling the SUSY breaking hidden sector superfield z to the Higgs doublets. Since R(z) = 0, this term is permitted by the R-symmetry. The F-term of the z superfield breaks both SUSY and the R-symmetry, resulting in a µ-term of the order of the electroweak scale in the superpotential of the low energy effective theory [18] . The important feature of this mechanism is that it only generates R-symmetry breaking terms in the low-energy superpotential which have total R-charge equal to zero. As a result no superpotential terms of the form N n (n = 2) will arise. However, this mechanism does require that the hidden sector and observable sector superpotential terms are seperated by some mechanism other than R-symmetry, since the R-symmetry permits a superpotential term of the form zN 2 , which would typically lead to a very large r.h.neutrino mass due to the z expectation value ≈ M.
The scalar potential of the mass eigenstate r.h.sneutrinos after inflation is given by
where we have suppressed the generation indices. Here m
2 is the gravity mediated soft SUSY breaking mass squared term and m 2 ef f = λ 2 ν < φ 2 > is the effective mass squared term due to the interaction of the r.h.sneutrino with thermal background MSSM fields, φ [26] . The latter will be shown to play no role in the evolution of the r.h.sneutrino curvaton. Since there is little motivation to study r.h.neutrino masses less than the order of 100 GeV, we will assume M N > ∼ m s in the following and therefore consider m N ≈ M N throughout. The mass squared terms and possibly also B-terms gain corrections during IMD due to non-zero inflaton F-terms [27, 28, 29] . (During inflation such terms must be effectively zero in order to have a scale-invariant density perturbation spectrum, which is natural in D-term inflation [11] .) We will consider a negative order H 2 correction after inflation with c ≈ 1. This is because the evolution of the r.h.sneutrino under the influence of a positive mass squared term in the case c ≈ −1 would suppress the initial amplitude of the r.h.sneutrino oscillation relative to its amplitude at the end of inflation. This would then require a large value of N during inflation in order for the curvaton to dominate the energy density before it decays, which would in turn imply a large value of H I in order to have sufficiently large curvaton energy density perturbations. However, this large value of H I will generally result in excessively large inflaton energy density perturbations.
The r.h.sneutrino oscillations begin at
The energy density of the r.h.sneutrino condensate at a > a R is then [7] ρ
where a R is the scale factor at the onset of radiation domination, ρ ≈ 3H 2 M 2 is the energy density due to the coherently oscillating inflaton field during IMD and
osc /2 is the initial energy density in the r.h.sneutrino oscillations. R.h.sneutrino domination therefore occurs at [7] 
where
We consider first the case of a single neutrino generation, which will later correspond to the r.h.sneutrino mass eigenstate with the weakest Yukawa couplings in Eq.
(1). The r.h.sneutrino decay rate is given by
where the neutrino mass is given by the see-saw expression
and < H u >= v. The decay temperature of the r.h.sneutrino condensate is then
It will be useful in the following to also express M N as a function of
From Eq. (9) we see that if M N > ∼ 100 GeV and m ν is not much smaller than 10
GeV. In this case there is a possibility of generating the baryon asymmetry either via electroweak baryogenesis [23] or via leptogenesis by r.h.sneutrino decay [13] .
The condition for the r.h.sneutrino condensate to dominate the energy density
Therefore
Thus if the mass of the lightest neutrino is not very much smaller than 10 −4 eV then N osc cannot be very much smaller than M.
A value of N larger than M implies that 
A second condition that the r.h.sneutrino curvaton must satisfy is that the energy density perturbations are of the correct magnitude to account for the CMB temperature fluctuations, δ ρ ≈ 10 −5 . The curvaton energy density perturbation is given by [3] 
where N I is the amplitude of N during inflation and δN ≈ H I /2π is the quantum fluctuation of the r.h.sneutrino. If N does not evolve from the end of inflation then 
Thus
where a osc , a e are the scale factors at the onset of curvaton oscillations and the end of inflation respectively. The amplitudes of N and δN due to a mass squared correction evolve in the same way, therefore δN/N remains constant and Eq. (14) is unaltered [7] . The curvaton domination condition Eq. (12) combined with Eq. (14) and Eq. (16) then implies that the lower bound on H I is given by
The lower bound depends on c. One important application of a SUSY curvaton is to D-term hybrid inflation [11] .
It has been shown that the contribution of U(1) F I strings to the CMB is inconsistent with observations in the case where the energy density perturbations are explained by conventional inflaton perturbations [12] . In order to evade this problem, the expansion rate during inflation must satisfy H I < ∼ 4 × 10 12 g GeV [12] , where g is the Fayet-Illiopoulos gauge coupling [11] . GeV .
3 Thermal Constraints on Majorana Right-Handed
Sneutrino Curvatons
In this section we discuss the constraints coming from the requirement that the Majorana r.h.sneutrino condensate is not thermalized before the condensate decays. We also comment on the possibility that an effective r.h.sneutrino mass due to the interaction of the curvaton r.h.sneutrino with the thermal background could play a role in the evolution of the r.h.sneutrino condensate [26] .
In [7] it was observed that a Majorana r.h.sneutrino condensate has a thermaliza- For simplicity, we will consider the Yukawa couplings of the weakly coupled r.h.
sneutrino mass eigenstate N 1 to lepton doublets L i to be all of the same order of magnitude, λ ν 1i ∼ λ ν . λ ν will then determine the lightest neutrino mass m ν 1 via the see-saw mechanism with N 1 . It will also determine the thermalization rate of the r.h.sneutrino condensate. We will drop the generation subscript and write N 1 as N in the following.
The condition for the r.h.sneutrino condensate to evade thermalization is that the scattering rate of the most strongly coupled thermal background MSSM fields from the zero-momentum condensate r.h.sneutrinos is less than the expansion rate H. The strongest scatterings will be from top quarks/squarks in the thermal background via Higgs exchange. We will therefore consider this process in order to estimate the constraint on λ ν following from the requirement that the condensate can evade thermalization. The scattering cross-section is given by [7] 
where α ν, t = λ 2 ν, t /4π, λ t is the top quark Yukawa coupling and E CM = m N E T is the centre of mass energy of the scattering particles, where E T ≈ T is the energy of the thermal background particle. The scattering rate from relativistic top quarks/squarks is then Γ sc = nσ sc v = nσ sc where n ≈ g t T 3 /π 2 is the number density of top quarks and squarks (g t ≈ 10 is the number of degrees of freedom in top quarks and squarks including spin and colour) and v = 1 for relativistic thermal particles. Thus
The important feature of this expression is that the scattering rate is proportional to T 2 , as is H during radiation domination. Therefore the condition for the condensate to evade thermalization by scattering during radiation domination,
is independent of the temperature [7] ,
The Yukawa coupling λ ν is related to the lightest neutrino mass m ν 1 via the see-saw mechanism
where we have used k T = 4.7 and α t ≈ 0.1. From this we conclude that for m ν 1 < ∼ 10 −3 eV it should be possible for the Majorana r.h.sneutrino curvaton to evade thermalization during the radiation dominated era, T ≤ T R .
This condition is also sufficient to ensure that the curvaton is not thermalized by the background radiation coming from inflaton decays during the IMD era. To see this, note that the expansion rate is related to the background radiation temperature during
IMD whilst Γ sc is proportional to T 2 as before. Therefore as H and T increases during IMD, the scattering rate becomes small relative to the expansion rate. Thus the largest scattering rate relative to the expansion rate will occur at the lowest temperature during IMD, T R . However, we know that Γ sc < H at T R if Eq. (25) is satisfied.
Therefore if Eq. (25) is satisfied, the r.h.sneutrino condensate will evade thermalization during both the radiation dominated and IMD era.
A second thermal effect is the effective mass term generated by the interaction of the r.h.sneutrinos with the thermal background MSSM fields [26] . This gives rise to a mass squared term of the form λ 
This translates into an upper bound on the lightest neutrino mass 
Lepton Asymmetry Constraints
The temperature at which the r.h.sneutrino condensate decays, Eq. (9), is larger than the temperature of the electroweak phase transition, T ew ≈ 100 GeV, if m ν 1 is not much smaller than 10 −4 eV and M N > ∼ 100 GeV. This is a preferred option if we wish to generate the baryon asymmetry after curvaton decay either via electroweak baryogenesis [23] or r.h.sneutrino leptogenesis [13] , thus avoiding the problem of baryon isocurvature perturbations associated with a pre-existing baryon asymmetry [5] . If the r.h.sneutrino condensate decays at T d > ∼ T ew then we must ensure that any lepton asymmetry produced by the decay of the condensate, which would be converted into a baryon asymmetry of equal magnitude by sphaleron processes, is not larger than the observed baryon number to entropy density of the Universe, n B /s ≈ 10 −10 .
In general, a coherently oscillating complex scalar field in SUSY will acquire a global charge asymmetry via the Affleck-Dine (AD) mechanism [22] . Soft SUSY breaking Aand B-terms in the scalar potential [17] will cause the real and imaginary parts of the complex scalar field to oscillate out of phase, such that the scalar field descibes an ellipse in the complex plane corresponding to a globally charged scalar field condensate [22, 10] . However, it is not possible to generate the baryon asymmetry via AD baryogenesis or leptogenesis from the decay of a curvaton, since in this case there would be large baryon isocurvature perturbations due to the fact that in the AD mechanism both the real and imaginary parts of the curvaton field act to determine the baryon or lepton asymmetry [30] .
The global U(1) symmetry in the case of a r.h.sneutrino condensate is lepton number L whilst the B-terms driving the Affleck-Dine mechanism are those associated with the r.h. neutrino mass terms in Eq. (1). The B-term in Eq. (3) splits the masses of the real and imaginary parts of the r.h. sneutrino field in the scalar potential. For
N the scalar potential is given by
where 
Since the B-term in the scalar field equation
to the onset of coherent oscillations, there is no reason to expect N to be along the real direction at the onset of r.h.sneutrino oscillations. Thus we expect the phase of N initially to be random and of the order of 1, such that A 1 and A 2 will be of the same order of magnitude.
The lepton asymmetry density in the r.h.sneutrino condensate, n L cond , is given by
This shows that there is a time dependent lepton asymmetry in a comoving volume in the r.h.sneutrino condensate. For example, if we consider a small mass splitting
Thus, for m, δm ≫ H(T d ), there will be rapid oscillations of the lepton asymmetry between large positive and negative lepton number over the time scale of condensate
In order to calculate the net lepton asymmetry generated by the decay of the r.h.sneutrino condensate, we must sum over the lepton asymmetry produced during the decay. Although the lepton asymmetry in the condensate is time dependent, once lepton number is transferred to the thermal background it will be conserved. (We neglect the effect sphaleron processing for now, which will not affect the magnitude of the lepton asymmetry.) This follows since lepton number violating scattering processes due to r.h.neutrino exchange are out of equilibrium at temperatures below T f ≈ 1.2 ×
. Therefore the rate of increase of the thermal background lepton number density, n L , from r.h.sneutrino condensate decay is given by
where we have included a factor e −Γ d t in order to account for the decay of the r.h.sneutrino condensate and the scale factor terms account for the expansion of the Universe. Thus
The integrals may be calculated exactly, with the result
(34)
We wish to express this in the form n L /s. The energy density in the r.h.sneutrino condensate is given by
The entropy density at T d is related to ρ by s = 4ρ/3T d [25] , where we assume the radiation energy density from r.h.sneutrino decay at T d equals ρ. Thus the lepton number to entropy density is given by
With
Using
Requiring that n L /s < ∼ 10 −10 imposes the constraint
GeV . However, it is worth emphasizing that a significant asymmetry can be still obtained There are two obvious possibilities for the origin of the baryon asymmetry in the Majorana r.h.sneutrino curvaton model: electroweak baryogenesis [23] or r.h.sneutrino leptogenesis based on conventional leptogenesis via CP violating decays of the condensate r.h.sneutrinos [13] . Both of these require that the curvaton condensate decays before the electroweak phase transition. In the case where the energy density is dominated by the r.h.sneutrino condensate, it was shown in [13] that the lepton asymmetry from CP-violating decays of the condensate r.h.sneutrinos is given by Therefore r.h.sneutrino leptogenesis is only possible if the lightest neutrino mass is extremely small compared with the mass scale suggested by solar and atmospheric neutrino oscillations. Nevertheless, it is perhaps significant that r.h.sneutrino leptogenesis is not entirely ruled out as a possible source of the baryon asymmetry.
Consequences of the Constraints
We next consider the consequences of the simultaneous application of the constraints derived above for the parameter space of the Majorana r.h.sneutrino curvaton model. In Figure 2 we consider a more conservative possibility with m ν 1 = 10 −4 eV and In Figure 3 we show the case where the lower bound on T d is 10 6 GeV, compatible with r.h.sneutrino leptogenesis. In this case the lower bound on M N is not much smaller than 10 9 GeV. We have shown the allowed parameter space for the case where m ν 1 = 10 −9 eV, which is just compatible with r.h.sneutrino leptogenesis, as illustrated by the very small region of the parameter space compatible with the constraints. We have shown that a lepton asymmetry will be induced in the r.h.sneutrino con- be disfavoured, although it may be significant that it is not completely ruled out.
This suggests that electroweak baryogenesis is the most likely source of the baryon asymmetry in the Majorana r.h.sneutrino curvaton scenario.
